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Abstract 
 
Some researches indicate that the bearing capacity of negative battle pile is less than that of positive batter pile under 
free pile head. But the head of the engineering pile is used under some constraints. So the lateral bearing capacity is 
studied under different batter and different constraints at pile head by model experiments made by ourselves. The 
analysis indicates that (1) the lateral capacity of the negative batter pile decreases as the batter angle decreases when 
the pile head is only translational, (2) the lateral capacity of the negative batter translational pile is more than that of 
the positive batter free pile and (3)  the proportional coefficients of the bearing capacity are provided under 
the experiment conditions. 
© 2010 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Society for 
Automobile, Power and Energy Engineering 
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1. Introduction 
 
The pile is often designed to be batter pile with vertical in order to make the axial capacity in full play 
in the port, wharf, bridge, big span building and transmission and so on which bear bigger lateral load. 
There are no system provisions about the calculation of bearing capacity of batter pile (Ministry of 
Housing and Urban-Rural Development of the P.R.C., 2008; Ministry of Transport of the P.R.C., 1998]. 
There is rare study about batter pile or curved pile at home and abroad. The study is mainly at the stage of 
indoor experiments (Gong Jian etc., 2004; LU Fan-ren etc., 2004; Zhang Liming etc., 1999). 
There are two different directions when the lateral load is applied to the batter pile, which is called as 
positive batter pile and negative batter pile (shown in Fig.1). The angle is to vertical direction. The 
experience of life indicates that the lateral displacement is less as the same lateral load is applied to the 
pile head of the positive batter pile. But the study found that the bearing capacity of the positive batter pile 
is more than  that of the negative batter pile (Zhang Liming etc., 1999 ; Jiang Chunlin etc., 2007; YANG 
Jian etc., 2008). 
The characteristic of batter pile is different from the experience of life which can be related to the 
constraints  at  the  pile  head.  The  different  bearing  capacity  between  different  batter  directions  will 
influence the design of a batter pile to apply lateral load. And this will influence the safety and cost. In 
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order to analyze the lateral bearing capacity of the negative batter pile some model experiments were done 
by model experiment equipment made by ourselves. The curves of lateral load vs lateral displacement at 
pile head were measured to analyze the lateral bearing capacity of the batter pile. 
 
H 
 
 
1: Positive batter 
2: Vertical β 
3: Negative batter 
 
 
1 2 3 
 
 
Fig.1. Positive and negative batter pile 
 
2. Introduction of the model experiment equipment 
 
The model experiment includes two types of similar model experiment and non-similar model 
experiment. In the similar model experiment (Wang L. & Yuan X., 2005; Nicola & Randolph, 1999) the 
material is selected according to the similar ratio. But this is difficult to realize sometimes. In the non- 
similar model experiment the similar ratio is not considered. The material similar to the civil engineering 
is selected and combined, and the test components are buried. Then the pile experiment is done (Meyerhof 
& Talcin, 1993; Meyerhof, 1995; Sastry & Meyerhof, 1995). 
The non-similar model experiment is made in order to analyze the influence of the different density 
soil and different batter angle pile. The characteristic of the vertical and lateral bearing capacity of group 
batter piles can also be analyzed (CHEN F. etc, 2010). 
 
3. Tests and analysis of the curves 
 
3.1. Process of tests 
 
The box is 197mm long, 125mm wide and 78mm high, which is placed in the model tank as loading 
the sand. And the volume is 1920.75cm3. The average density of the sand is 1.56 g/cm3. The 5 model pile 
experiments had been done. The pile batter angle to vertical , β , is 0e, 10eor 20eseparately. The pile 
head is free or translational only. According to the estimated lateral bearing capacity of the model pile the 
each grade load is 1/10 times of the limited bearing capacity. The displacement of the pile head is read 
after 2 minutes when the load is applied to the model pile head each time until the reading is stable. 
Usually the reading is stable after 20 minutes, namely about 10 times readings. Then the next load is 
applied. When the estimated limited load is applied to the model pile head the load is stopped to apply. If 
the displacement is not increasing obviously then the next load is applied to the model head until the 
displacement increases markedly (CHEN F., 2010). 
 
3.2. Test curves and analysis 
 
The curves of lateral load vs displacement of negative batter pile are obtained under the pile head free 
movement or lateral movement only when the batter angle of the pile, β , is 0, 10, or 20 degrees 
separately (shown in Figure 2). From Figure 2 we can find that the displacement of negative batter free 
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pile increases gradually as the angle of the negative batter pile increases when the lateral load is same. 
That is to say that the bearing capacity of negative batter pile decreases as the angle of the negative batter 
pile increase when the pile head is free. This is different from our life experience but it is consistent with 
former scholars’ researches (Zhang etc., 1999; Jiang etc., 2007; Yang etc., 2008). Form Figure 2 we can 
also find that for the pile head lateral movement only the lateral displacement of the negative batter pile 
decreases gradually as the angle of the batter pile increases under the same lateral load subjected to the 
pile head. Namely the lateral bearing capacity of the negative batter pile increases as the inclined angle of 
the pile increases under lateral movement of the pile head only. This is consistent with our life experience. 
And Figure 2 indicates that the lateral bearing capacity of negative batter pile with constraint pile head is 
more than that of negative batter pile with free pile head. 
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Fig.2. Lateral bearing capacity of batter pile under different constraints at pile head 
 
In order to analyze the proportional relation ship of the bearing capacity of the batter pile the load is 
divided by a coefficient, k, and a new curve of load vs settlement is obtained. The new curve is consistent 
with that of vertical pile (shown in Figure5 (a) to Figure 3 (d)). 
From Figure 3 (a) we can find that the load of 20ebatter pile is 0.85 times of that of vertical pile as 
the pile head is free. If the lateral displacement is looked as the criterion of the bearing capacity the 
bearing capacity of 20ebatter pile is 0.85 times of that of vertical pile. Using the same method the 
bearing capacity of the 10ebatter pile is 0.9 times of that of vertical pile (shown in Fig.3 (b)). The 
bearing capacity of the 10ebatter pile is 1.15 times of that of vertical pile (shown in Fig.3 (c)), and the 
bearing capacity of the 20 ebatter pile is 1.3 times of that of vertical pile when the pile head is 
translational (shown in Fig.3 (d)). 
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˄a˅Negative batter pile of 20eof free pile head 
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˄b˅Negative batter pile with free pile head of 10e



  eˈKRUL]RQWDO PRYHPHQW RQO\
eˈKRUL]RQWDOPRYHPHQW RQO\+
 +
e








      
+RUL]RQWDOORDG+1
˄c˅Negative batter pile with lateral movement of 10e


 eˈKRUL]RQWDOPRYHPHQW RQO\
eKRUL]RQWDOPRYHPHQW+
 +
 e








      
+RUL]RQWDOORDG+1

˄d˅Negative batter pile with lateral movement of 20e

Fig.3. Proportional relationship of lateral bearing capacity of batter pile 
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The load coefficients varied with the batter angle are shown in Figure 4. The coefficient of the 
vertical is 1. From Figure 4 we can find that as the change of the constraints of the head of the batter pile 
the load coefficient changes greatly. The lateral bearing capacity of the negative constrained 20ebatter 
pile is 1.3 times of that of the vertical pile. Under the experiment conditions the lateral bearing capacity 
increases un-linearly as the pile head is free. Then it gradually turns to linear growth as the pile head is 
translational. 
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Fig.4. Curve of proportional relation of negative batter pile under different constraints 
 
4. Conclusions 
 
Former researchers found that the displacement of batter pile head decreases as the inclination angle 
of the batter pile increases for the free pile head when the pile head subjects to the same lateral load 
(Zhang etc.,1999; Jiang etc., 2007; YANG etc., 2008). Namely the lateral bearing capacity of the negative 
batter pile decreases as the inclination angle increases. This is different from our life experience. The 
paper studied the lateral bearing capacity of negative batter pile by the model experiment equipment 
designed and made by ourselves. The conclusions are as follows: 
(1) The lateral capacity of the negative batter pile increases as the batter angle increases when the pile 
head is only translational, and this is consistent with our life experience; (2) The lateral capacity of the 
negative  batter translational  pile is larger than that  of the  negative batter free pile; (3) The model 
experiment indicates that the lateral capacity of the negative batter translational pile is larger than that of 
the positive batter free pile. As the lateral displacement is used as control values the lateral bearing 
capacity of the negative 10ebatter pile is 0.9 times of that of the vertical pile. The lateral bearing 
capacity of the negative 20ebatter pile is 0.85 times of that of the vertical pile. And the lateral bearing 
capacity of the negative 10ebatter pile when translational only at pile head is 1.15 times of that of the 
vertical pile. The lateral bearing capacity of the negative 20ebatter pile when translational only at pile 
head is 1.3 times of that of the vertical pile. 
The pile in the civil engineering often bears some lateral load as well as vertical load such as the pile 
in the bridge and the large stadiums, etc. So there are some constraints at the pile head to restrict the 
vertical displacement. At this state the negative pile can increase the lateral bearing capacity, decrease the 
moment in the pile significantly, and increase the safety. It can decrease the section size of the pile, 
reinforcement ratio, and decrease the cost of the civil engineering. 
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